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Abstract 
Agapetus fuscipes is a caddisfly that only seems to occur in unimpacted streams and there- 
fore can be a suitable indicator species for natural conditions. The species has decreased in
the Netherlands because of human activities which caused organic pollution and hydromor- 
phological degradation. Literature was reviewed to study the autecology and life cycle of 
A. fuscipes in order to reveal the ecological requirements of this species. By taking Agapetus 
fuscipes as an example, it is shown that the autecology and life cycle of an indicator species 
can give important clues for its presence in unimpacted and absence in impacted streams. 
A. fuscipes is very susceptible toorganic pollution and to a lesser degree to discharge dynamics 
(dropping water level and discharge peaks). The species copes with dynamic discharge 
events by maintaining a high population density and recolonisation of disturbed habitats 
from refuges. However, the vulnerability of the species trongly depends on the life stage of 
the animals (e.g., the ability to migrate, the oxygen demand and the habitat requirements dif- 
fer between instars). Although several adaptations todynamic onditions, a high frequency 
of discharge peaks or a long period of drought can cause the population to decline. Once a 
population has totally disappeared from a stream it will take the species a long time to re- 
colonise the stream because of its low dispersion capacity. To protect his species tream 
restoration should focus on water quality (avoid organic pollution and agricultural run off) 
and on stabilising the discharge by taking care of natural infiltration in the catchment area in- 
stead of fast removal of rain water by drainage systems. 
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Introduction 
There are many characteristic rheophilous macroinver- 
tebrates that are restricted to unimpacted streams and 
small rivers (HYNES 1972). These species have disap- 
peared from streams impacted by human activities and 
are replaced by common, more tolerant species (HYNES 
1974). This will finally result in a decreased biodiversi- 
ty. Studying the ecological requirements of species that 
are indicative for unimpacted streams is important be- 
cause this can give clues for their protection and restora- 
tion of streams by indication of the stressors that play a 
major role. 
Agapetus fuscipes is an example of a species charac- 
teristic for unimpacted streams. Under favourable condi- 
tions, the species can locally reach high densities 
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(BECKER 1990). Although the species is quite abundant 
in other countries, in the Netherlands it has decreased 
during the last decades and it is quite rare nowadays. The 
species is absent from a number of streams although 
these streams eem to provide suitable habitat. 
Agapetus fuscipes could be a good indicator species 
for monitoring the quality of running waters because: (1) 
the population declines if human impact (in the Nether- 
lands often a combination of pollution and hydromor- 
phological degradation) increases, (2) because of its 
large numbers the species influences the ecosystem 
functioning, (3) the species can be monitored easily 
(there are no identification problems), (4) relatively 
many researchers have studied the species, (5) if the 
species is present it occurs in combination with other 
species that are characteristic for unimpacted streams. 
However, it is the question why this species is re- 
stricted to unimpacted streams. If the relations between 
this species and the environmental variables are known, 
stressors can be identified. Therefore, this study reviews 
the literature about he species to try and determine the 
critical factors that are necessary to provide suitable 
conditions for the occurrence of this species. The pur- 
pose of this review is to link vulnerable periods in the 
life cycle of the species to types of stream disturbance. 
This knowledge can provide a starting point for success- 
ful protection of this species. 
Larval growth 
Agapetusfuscipes is univoltine (amongst others, WroTE- 
HEAD 1935; ILLIES 1952). NIELSEN (1942), IVERSEN 
(1976), and SAN6PRADUB et al. (1999) found seven lar- 
val instars but CASTRO (1975) observed 8 instars in the 
laboratory. Probably, the first instar larvae are too small 
to be collected from the field. The smallest larvae were 
observed from August (SANGPRADUB et al. 1999) to 
November (THORUP 1963). THORUP ( 1963 ) found that A. 
fuscipes had a comparatively slow initial growth rate, 
which increased in the next spring. The time it takes to 
develop from one larval instar to the next strongly de- 
pends on the cohort and the water temperature (CASTRO 
1975). 
IVERSEN (1976) recognised two at least partly separate 
cohorts (Table 1). One cohort hatched from eggs in July, 
and over-wintered in instar VII. The other cohort 
hatched from eggs in November and over-wintered in in- 
star IV. In May-June the two cohorts merged. IVERSEN 
observed the species for only one year, so it is not clear if 
the presence of separate cohorts is an annually repeated 
phenomenon. SANGPRADUB et al. (1999) did only ob- 
serve one cohort (Table 2). SANGPRADUB et al. (1999) 
observed some second instar larvae throughout the win- 
ter, but most individuals over-wintered in instar III or IV 
and developed rapidly in the following spring. NIELSEN 
Table 1. Observation of the instars over a period of one year, shaded = low density, black = high density [modified after IVERSEN (1976)]. 
Aug Sep Oct Nov Dec Jan Feb Mar Apt May Jun Jul 
Larvalinstarl 
Table 2. Mean number of individuals per instar in monthly samples over a period of two years, shaded = less than 250 individuals/m 2,black 
= more than 250 individuals/m 2 [modified after SANGPRADUB et al. (1999)], 
Larval instar I
Auq Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul 
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(1942) observed that the species undergoes a growth- 
stoppage in the winter months, despite the constant tem- 
perature conditions. ILLIES (1952) and THORUP (1963) 
also showed a growth-stoppage or a retarded growth 
from December to February. MACKERETH (1960), who 
studied an A. fuscipes population over a period of three 
years, found many larvae and steady growth throughout 
the winter in 1950-1951 and no larvae in the 1-2 mm 
size were found after December. However, in the next 
year there were fewer larvae and there appeared to be lit- 
tle or no growth in the winter months; 1-2 mm larvae 
were found until April. Unfortunately, data about tem- 
perature were not available. CASTRO (1975) observed a
diapause in January/February in all instars. The diapause 
followed directly after moulting and only if there were 
less than 9 hours of light per day and if the water temper- 
ature was lower than 6.5 °C. 
In conclusion, larval growth especially takes place di- 
rectly after hatching and during spring in the year fol- 
lowing hatching. However, growth patterns eem to be 
flexible and adjusted to local conditions, especially tem- 
perature. In winter the larvae grow either very slowly or 
not at all. This is influenced by temperature and light. 
Depending on the cohort the larvae can overwinter in 
different instars. Larvae are present in the stream during 
all seasons, therefore ven a limited period of unsuited 
conditions would cause a population to decline. 
was shown for a stream in the southern part of France 
where the water temperature was higher than 15 °C for 
27.2% of the year (THIBAULT 1971). Temperature can re- 
tard or hasten the development of pupae (WHITEHEAD 
1935; ILLmS 1982). 
Adults were found from mid February to the end of 
November (Table 3). They fly mainly during the day 
(CRICHTON 1974) and they live under herb vegetation at 
the stream banks (NIELSEN 1942). HARRISON et al. 
(2000) confirmed that adults need riparian vegetation. 
Adults raised from pupae in the laboratory had lived for 
only four days. Mating took place the first day and egg- 
deposition one or two days after emergence (CASTRO 
1975). Vibrating signals are used for sexual communica- 
tion and finding partners (IVANOV & RUPPRECHT 1992). 
Summarised, pupae occur from spring to autumn and 
as they aggregate on stones near the water surface and 
banks, these shallow but still wet conditions must be 
present for most part of the year. There is a high risk of 
desiccation if the water level falls during the pupal stage. 
A single female has only a short ime to mate and deposit 
the eggs. During that period the circumstances need to 
be suitable for egg deposition otherwise the eggs are 
lost. On the other hand, A. fuscipes has a long flying pe- 
riod, which spreads the risks of egg deposition. Further- 
more, the adults seem to need a well-developed fringe of 
vegetation along the stream banks. 
Pupae and adults 
A. fuscipes has a short drift distance during emerging 
(0.45-1.50 m), due to the attachment of pupal cases in 
reaches near the bank where current velocities are low 
(WAGNER 1987) or pupation on stones that are near the 
water surface. A falling water level during the pupal 
stage can lead to desiccation of the pupae (NIELSEN 
1942). Pre-pupae were found by SANGPRADUB et al. 
(1999) from March and most larvae had pupated by June 
(Table 2). THORUP (1963) observed pupae from June 
until well into October. The emerging period can start 
early in the year (from February) in warm habitats, as 
Ovipositing behaviour and eggs 
ANDERSON (1973) studied the ovipositing behaviour of 
A. fuscipes in the field, by observing two females de- 
positing egg masses at the bottom of a 20-25 cm deep 
gently flowing stream. The females were each en- 
veloped in an air bubble. ANDERSON described three im- 
portant steps (1) the selection of a small piece of gravel 
(cap-stone) which is carried to a larger stone with a flat 
surface, (2) deposition of eggs in a gelatinous matrix on 
the large stone (this base-stone is usually a piece of grav- 
el with the longest axis 6-10 ram), (3) fixation of the 
capstone on the egg mass. Subsequently, the female ei- 
Table 3. Flying periods ofA. fuscipes. 
Reference Country Jan 
NIELSEN (1942) Denmark 
THORUP (1963) Denmark 
SEHUHMACHER & SCHREMMER (1970) Germany 
THIBAULT (1971) France 
ANDERSON (I 973) UK 
CASTRO (1975) Germany 
SODE & WIBERG-LARSEN (1993) Denmark 
SANGPRADUB et aI. (1999) Ireland 
Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
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ther surfaces or selects a capstone for another egg mass. 
The females were under water during 15-20 minutes. 
Later, FISCHER (1996) observed that the females dive 
into the water. BECKER (1991) showed in laboratory ex- 
periments that females are able to adjust he number of 
eggs in an egg mass to the size of the capstone (up to 
3.15 mm diameter). The eggs were always completely 
covered by the capstone, which protects them from 
being grazed. Base stones were generally smaller than 1 
cm diameter, although sometimes larger stones were 
used. ANDERSON (1973) observed an average of 6 egg 
masses per female. 
Egg masses in the field were found between April and 
October (ANDERSON 1973; CASTRO 1975). ANDERSON 
only observed eggs in areas of open water. Eggs were 
found in water with a depth of 5 to 30 cm, on gravel 
where the periphyton film consisted of diatoms or green 
algae. In July the number of egg masses was highest 
(11.2/30 cm2). Field sampling by BECKER (1991) showed 
that he egg mass density was negatively correlated with 
current velocity and water depth (BECKER 1991). Egg 
masses were deposited across the entire stream width, 
though more near the banks. BECKER suggested this 
might be dangerous because if the water level had fallen, 
the eggs would have been killed by desiccation. FISCHER 
et al. (1998) confirmed that the eggs of A. fuscipes are 
indeed not resistant to drought. 
Eggs taken from the field in May began hatching after 
one month (thus larvae should occur in the field from 
June) while eggs collected in the field on September 
27th hatched over a period of 40 days (CASTRO 1975), 
which shows that eggs of different cohorts need different 
developing periods. CASTRO confirmed that he hatching 
period of the eggs depends on the water temperature bya 
laboratory study (from 47 days at 7.5 °C to 25 days 
12.5 °C) (Table 4). 
In conclusion, egg deposition demands everal fea- 
tures from a stream: the presence of suitable base-stones 
and capstones close to each other, thus a reasonably well 
sorted gravel bed, and sites with a gentle flow. Eggs are 
found especially in places that are shallow, not shaded 
and with low current velocity. The water level should be 
quite constant and no desiccation may occur. The hatch- 
ing period of the eggs depends on the water temperature. 
This also means that the growth period of the larvae be- 
fore the winter starts differs, which results in the pres- 
ence of different larval instars during the winter. 
Case building 
Larvae of the Glossosomatidae make hemispherical 
portable cases. The cases are entirely made of sand 
grains and silk (Cox & WAGNER 1989; BECKER 2001). 
The larvae carry a heavy case compared to other grazing 
caddis flies. WARINGER (1989) suggested this reduces 
the cost of staying in place, because of the adhesive fric- 
tion force is higher than the drag force of the current 
(BECKER 2001). A. fuscipes larvae leave their old cases 
and construct new ones of similar shape after each of the 
larval instars (HANNA 1961). During the construction of
the new case the larva has to reach for sand grains 
(which are selected by size rather than weight (HANSELL 
1968)), while protruding its body from the old case. Not 
only during case building but also during moulting, the 
larva is vulnerable to predation (OTTO & SVENSSON 
1980) and to toxicity (MCCAI-ION et al. 1989) because it
stays in the old case, which is still open. The species uses 
larger grains to construct the dome than the underside of 
the case, and many small grains are used around the ven- 
tral openings. This implies that he larva needs a habitat 
in which small as well as larger grains are available. 
Summarised, the larvae need a habitat where a variety 
of grains are available. The heavy case indicates apref- 
erence for flowing water. During case building the larva 
is vulnerable to predation and toxicity and probably also 
to being flushed away during floods. 
Nutrition 
A. fuscipes feeds on algae and detritus (MooG 1995; 
SCHMEDJE • COLLING 1996). CASTRO (1975) and BECK- 
ER (1990) analysed the gut contents ofA. fuscipes larvae 
and found high proportions (82 and 63%, respectively) 
of detritus. IVERSEN (1988) on the other hand, found an 
algal proportion of 47%. In experiments (BECKER 1994) 
A. fuscipes howed a preference for detritus over algae. 
That the species eems to feed mainly on detritus is sur- 
prising, because in general, algae appear to be crucial to 
the nutrition of scrapers because of their high assimila- 
tion efficiency compared with other sources of nutrition 
such as detritus (BENKE & WALLACE 1980; LAMBERTI & 
MOORE 1984). It is not known whether A. fuscipes is 
able to compensate for lower food qualities by higher 
rates of ingestion, as observed for other aquatic insects 
Table 4. Hatching periods of eggs from different cohorts (CASTRO 1975). 
Egg deposition date May 25 June 15 July 16 Aug 15 Sept 15 Oct 14 
Egg hatching period (days) 37 30 28 26 34 44 
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(LAMBERTI & MOORE 1984). Several explanations are 
possible. First, the availability of different food types 
differs between streams. In the Breitenbach, larvae of A. 
fuscipes were found on stone surfaces in low currents, 
where the rate of detritus edimentation was relatively 
high (BECKER 1994). In other streams, where less detri- 
tus is available the larvae could eat more algae. Second, 
seasonal differences could play a role. DOUGLAS (1958) 
and BECKER (1990) observed that fewer diatoms were 
consumed in autumn than during spring and summer. 
BECKER (1994) found that in April directly after flooding 
the larvae moved to the stream banks into microhabitats 
with low current and more detritus edimentation; they 
consumed fewer diatoms and more detritus. A third ex- 
planation can be an ontogenetic shift in diet. BECKER 
(1990) observed that the diatom consumption i creased 
with larval age, whereas the proportions of Cyanobacte- 
ria and POM decreased with larval age. However, CAS- 
TRO (1975) observed no qualitative differences in gut 
contents in different instars. Last, competition could in- 
fluence feeding behaviour. It is possible that also other 
species compete for algae, which forces A. fuscipes to 
eat detritus. Intraspecific ompetition is also possible. 
High densities ofA. fuscipes larvae can cause food limi- 
tation. HARRISON et al. (2000) observed that the young 
larvae lived in woodland but later migrated to more open 
sections, where macrophytes provide organic material 
and the diatom production was higher. Besides, removal 
of detritus by feeding on it enables light to penetrate into 
the algal layer stimulating algal growth. To be short, the 
species seems to be able to adjust its diet to the local 
conditions. 
A special adaptation was shown by Cox & WAGNER 
(1989) who observed heavy algal growth inside the 
older cases. Normally, A. fuscipes moves around and 
grazes the biofilm, but it is able to attach to the substra- 
tum during periods of flood. This precludes normal feed- 
ing and probably the presence of algae inside its case en- 
ables the larva to survive longer during times of stress. 
Concluding, eutrophication of streams and removal 
of riparian vegetation or woody debris can strongly alter 
the proportions of available food types. However, it can 
be concluded that this might not be a problem for the 
species because it can easily adapt its diet. Probably the 
species can survive on low proportions of algae. The 
possibility to adapt its diet makes it possible to inhabit 
other sections of the stream, e.g., microhabitats near the 
bank or behind stones where current velocity is still low 
during peak discharges. Algae within the case also en- 
able the species to survive for a while during un- 
favourable conditions. It is still unknown whether and 
how long the species can survive on detritus alone. This 
should be tested in preference experiments with animals 
from different streams (with differences in the propor- 
tions of algae and detritus) and in different seasons. 
Habitat and environmental conditions 
A. fuscipes is characteristic for small streams from eu- 
krenal to metarithral (MOOG 1995; SCHMEDJE & 
COLLING 1996) but it also occurs in large lakes with 
water movement (MACAN & MAUDSLEY 1969; MACAN 
1980; HYNES & YADAV 1985). Little information is 
available about the abiotic features of the streams and 
lakes in which the species occurs (Table 5). A. fuscipes 
lives in clear natural streams on gravel or stones 
(ScHMEDJE & COLLING 1996). Sometimes the species is 
found on macrophytes (e.g., Berula erecta) (WHITEHEAD 
1935) or woody debris, but the species does not occur in 
dense vegetation (CASTRO 1975). Individuals must not 
be submerged continuously, they are also found on top 
of stones protruding from the water (THORUP 1963). This 
often happens in shallow springs and spring brooks. 
WOOD & ARMITAGE (1999) found A. fuscipes only on 
clean gravel, which is confirmed by CASTRO (1975), 
who notes that A. fuscipes is absent if the gravel is cov- 
ered with silt or fine detritus. IVERSEN (1973) observed 
that A. fuscipes was rare in areas where fallen beech 
leaves covered the bottom and A. fuscipes was rarely 
found on Cyanobacteria mats in the upper and middle 
reaches of the Breitenbach (BECKER 1990). 
A. fuscipes occurs from low to high current velocity 
(NmLSEN 1942) but prefers a moderate flow; densities 
decreased below 0.14 m/s and over >0.36 m/s (MORETTI 
& GIANOTT~ 1962). 
Organic pollution is a factor by which the species is 
disturbed (ScHUHMACHER • SCHREMNER 1970; CASTRO 
1975), probably because of sensitivity to low oxygen 
level (SCHUHMACHER & SCHREMMER 1970). The higher 
the water temperature and the higher the larval instar, the 
higher the oxygen consumption of the larvae (CASTRO 
1975). However, this does not directly imply that small 
larvae can tolerate lower oxygen levels. A diapause low- 
ers the oxygen demand. Pupae have high oxygen con- 
sumption. This could explain why the species pupates in 
shallow water or at higher current velocity. Pupae are 
not mobile and need a stable oxygen concentration. 
MOOG (1995) assigned the species to xeno- and oligo- 
saprobic water. 
A. fuscipes can be found along the entire stream 
length of small streams. However, many authors ob- 
served that densities were higher at the most upstream 
sites (e.g., NIELSEN 1942; THORUP 1963; ILLIES 1982; 
BECKER 1990). Different factors could explain the spe- 
cific distribution along a stream. SCHUHMACHER & 
SCHREMNER (1970) suggested that the species depends 
on cold water, also in summer. At sites where A. fuscipes 
was present summer temperatures only reached 
12-14 °C. THIBAULT (1971) on the other hand, found the 
species in a stream in southern France where water tem- 
perature was higher than 15 °C for 27% of the year. 
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Probably, the species can tolerate 
high temperatures as long as the 
oxygen concentration is sufficient, 
which can be the case in flowing 
water. 
Light and the presence of ripar- 
ian vegetation are variables that 
can slightly influence temperature 
but these variables itself could 
also be of importance for the dis- 
tribution of A. fuscipes. SCHUH- 
MAC,-mR & SCI4REMMER (1970) 
collected the larvae especially in 
shaded reaches. HARRISON et al. 
(2000) concluded that the adults 
clearly had an association with 
trees, although they were more 
common at the woodland edge, 
rather than in the woodland itself. 
These authors suggested that A. 
fuscipes needs woodland in the 
adult stage as shelter from preda- 
tion, wind or desiccation and as 
swarm markers as was shown for 
other species (STATZNER 1977; 
SWEENY 1993; COLLIER & SMITH 
1998). However, the last reason 
might not be valid, because there 
are no descriptions of this species 
aggregating into swarms. Instead, 
it uses vibration signals for sexual 
communication and finding part- 
ners (IVANOV & RUPPRECHT 
1992). 
It can be concluded that the 
presence of A. fuscipes is related 
to the presence of clean gravel, ri- 
parian vegetation and the absence 
of organic pollution. The species 
can tolerate different temperature 
regimes and occur from standing 
waters (with water movement) to 
fast flowing streams. It is still un- 
clear why the species is sometimes 
restricted to a small stretch of a 
stream. 
Drift and upstream 
movement 
CASTRO (1975) observed a strong 
increase in numbers in the spring, 
spring brook and a section further 
downstream in the Breitenbach 
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during spring. MOLLER (1970) also showed that during 
February, March and April the numbers of drifting spec- 
imens were extremely high. The species also shows up- 
stream movement (MOLLER 1970; IVEaSEN 1976; 
WILLIAMS & WILLIAMS 1993). WILLIAMS & WILLIAMS 
(1993) concluded that at their most upstream site A. 
fifscipes showed to have 63.6% compensation of the 
numbers of specimens drifting downstream by those 
moving upstream, which indicates migration from the 
spring brook to the more upstream parts before pupation. 
The reasons for drift and upstream ovement are still 
unknown. 
IVERSEN (1976) suggested that selective migration 
might have influence on growth. WILLIAMS & WILLIAMS 
(1993) found that larvae at the most upstream site were 
most abundant, developed faster but were significantly 
smaller in their final instar and had a lower adult fecun- 
dity than at more downstream sites. Possibly, the popu- 
lation was food limited at the most upstream site or up- 
stream migration cost the animals much energy, not 
being available for growth anymore. Thus, the position 
in the stream and the density of the population, both 
have influence on growth rate, biomass and fecundity. 
In conclusion, both drift and upstream movement 
occur. It is not sure which causes the animal to move up- 
stream or to drift. Drift and migration are higher during 
periods of high discharge, the larvae probably choosing 
between drift and upstream igration. Besides, selective 
upstream migration before pupation during late spring 
and summer was observed. This could be related to the 
availability of more shallow sites upstream. The ability 
to drift and to migrate upstream gives the larvae the op- 
portunity to recolonise upstream sites after they have 
been swept away during a period of high discharge and 
high current velocity. 
Adaptation to discharge dynamics 
A. fuscipes occurs in both very stable and more dynamic 
streams (Table 5). The species was even observed in a 
stream in which the discharge is high during spring and 
most of the upper stretches dry up during summer and 
autumn (MITTELST~DT et al. 1991). However, in this 
stream the density was relatively low and other species, 
such as Synagapetus moselyi and Synagapetus iridipen- 
nis were more abundant, because these species are better 
adapted to desiccation (FISCHER et al. 1998). Fluctuation 
of the discharge in a stream can be unfavourable because 
of drought, which mainly affects the immobile pupae 
and eggs (CASTRO 1975; FISCHER et al. 1998) and dis- 
charge peaks, which affect the larvae (WHITEHEAD 
1935). GILLER et al. (1991) and MAJECKI et al. (1997) 
suggest hat the larvae are relatively undisturbed by 
catastrophic floods, compared to other aquatic macroin- 
vertebrates but JONES et al. (1977) suggested that A. 
fuscipes is very susceptible tospates. 
During spates, larvae are threatened by a high current 
velocity, moving stones and sand or silt deposition. The 
larvae can exhibit different adaptations. First, they can 
migrate to zones with low current velocity, e.g., dead 
water zones behind, under or at the sides of stones, while 
they normally are at the surface of the stones (WAGNER 
1987) or from the centre of the stream towards the banks 
(BECKER 1990). Second, Glossosomatidae larvae have 
been observed leaving their heavy cases behind to drift 
during unfavourable conditions (MERRILL 1969). Third, 
the high population density can also be an adaptation to 
dynamic environmental conditions. Surviving animals 
can recolonise the sections of the stream where dis- 
charge dynamics had its highest effect, which was 
shown by WHITEHEAD (1935) who found 14% of the for- 
mer density in March at a site where larvae had disap- 
peared uring December floods. 
Deposition of sand or silt can decrease the density of 
the larvae (WAGNER 1987) either because they are killed 
or because they migrate. The possibility to escape from 
the sand depends on the size and mobility of the larva, 
the thickness of the sand layer, the size of the sand grains 
and the temperature/oxygen co centration i the sand 
(MAJECKI et al. 1997). During a spate the case protects 
the larva against body damage caused by stones and 
sand grains which are rolled by the water. At low tem- 
peratures and high oxygen concentration the larva can 
survive under the sand. A larva that is covered by sand 
can leave its case, climb out of the sand and build a new 
case at the surface. This especially happens at high tem- 
perature and low oxygen concentration (MAJECKI et al. 
1997). 
In conclusion, drought especially threats pupae and 
eggs. The larvae have a number of adaptations to dis- 
charge dynamics: drift, migration to the banks or other 
sites with lower current velocity, and recovery from sand 
deposition. However, these actions cost energy and 
growth can be retarded by disruption of feeding 
(MARCHANT & HEHIR 1999). However, as was stated be- 
fore, the larvae can probably survive for a while, living 
on the algae inside their case. Because of the high popu- 
lation density there are often animals that survive and 
which can recolonise the stream from their refuges. Be- 
cause the females produce a high number of eggs the 
population can quickly grow again. It is also possible 
that the remaining females have more eggs than normal 
because of the lower density (less competition for food). 
If a stream stretch falls dry during the flying period the 
effect will be only small. Adults probably lay their eggs 
in stretches that still have water. If discharge dynamics 
vary from year to year the population could grow fast 
and recover during stable years and remain in the stream 
during a long time. However, if the discharge is too dy- 
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namic and spates occur too often the population will 
strongly decrease. If this happens afew years after each 
other, it can be disastrous for the population. 
Dispersion 
A. fuscipes has a low dispersion capacity. SoDE & 
WlBERG-LARSEN (1993) caught adult females in traps 
perpendicular on the brook (about 95%), more than in 
bank traps parallel to the stream, which means that fe- 
males particularly fly upstream or downstream instead 
of transversal from the stream (SODE & WIBERG-LARSEN 
1993). Of all A. fuscipes specimens that were caught 
only two females (about 0.5%) were caught in the trap at 
20 metres from the stream. Between 81 and 90% of the 
total catch was caught flying above the stream surface. 
The number of specimens flying above the banks just 
1-3 m from the stream was negligible. NmLSEN (1942) 
also found that adult specimens rarely ventured more 
than 1 m from their home stream. WILLIAMS & 
WILLIAMS (1993) showed that females howed no pre- 
ferred flight direction (220 females flew upstream, 188 
downstream) and that the population zonation probably 
results from oviposition by randomly flying, locally 
emerged females. This means females fly only very 
short distances and deposit their eggs in the stream sec- 
tion they originate from. 
In conclusion, these observations confirm that the 
chance that the species colonises a new stream is very 
low. Recolonisation time depends on the distance of a 
stream to a healthy population, wind direction and coin- 
cidental dispersion of single specimens. It is unknown 
whether the species disperses further if the conditions in 
the original stream are unfavourable. 
Conclusions 
The ecological requirements ofA. fuscipes that followed 
from the literature review showed that the species in- 
deed is a good indicator for unimpacted streams, be- 
cause the species can not tolerate organic pollution or a 
high disturbance frequency. Although sometimes speci- 
mens are found on other substrates, it is very obvious 
that the species needs gravel beds, covered with algae 
and detritus to live on. For egg deposition stones and 
small capstones are crucial. Sand is also needed in sever- 
al grain size classes to build the larval cases. All these 
types of grains have to be available in the respective 
stream reach. The species is often found in upper cours- 
es. The reason for this could be the low temperature, 
competition with other species adapted to more down- 
stream stretches, current velocity, depth, oxygen con- 
tent, type of gravel beds, riparian vegetation orany com- 
bination of factors. Experiments under controlled condi- 
tions could give more clues. Adults need riparian vegeta- 
tion, larvae and eggs are also found in open stretches. 
The species is susceptible to organic pollution (low 
oxygen content, siltation of the gravel bed) and dis- 
charge dynamics (dropping water level or peak dis- 
charges). The vulnerability to environmental stress 
strongly depends on the life stage of the animal (Table 6) 
and the adaptation abilities. Therefore, season in which 
stressful conditions occur determines the extent of the 
effects on the population. Because ggs and pupae are 
fixed to the substrate they are vulnerable to desiccation 
if the water level falls. If parts of the stream dry out in 
late spring or summer this will be more disastrous than 
when this occurs in autumn. During the larval instars the 
species can move towards a deeper part of the stream 
and remain there until the water level rises again. Unless 
the period of drought is too long the larvae will survive. 
Also adult females are capable of selecting a section 
where water has remained for egg deposition. 
Larvae are vulnerable to peak discharges; in particu- 
lar the small ones are easily flushed away by the current. 
The larger larvae are capable to attach themselves better. 
Larger larvae on the other hand have a higher oxygen 
demand, which makes it more difficult o survive under 
a sand layer. The larva is able to adapt itself to a dynam- 
ic discharge pattern by the capability to climb out of a 
sand layer to the surface, upstream igration, drift, and 
migration towards the stream banks. However, it is un- 
known to which extent the larvae can really tolerate dis- 
charge dynamics. 
Table 6. Vulnerability of the life stages of A. fuscipes (- not vulnerable, + vulnerable, ++ very vulnerable) to environmental stress factors, 
Life stage Discharge peaks Sand deposition Dropping water level Organic pollution Lack of riparian 
vegetation 
Egg - + ++ + - 
First larval stages ++ + + + - 
Final larval stages + ++ + ++ - 
Pupa - + ++ ++ - 
Adult + - + - ++ 
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Also, the effect of organic pollution depends on the 
life stage of the animal. Organic pollution has two main 
effects: a low oxygen content and deposition of a silt 
layer on the gravel bed. The impact of low oxygen con- 
tent depends on the life stage and the season. In winter, 
the species can have a diapause in which oxygen con- 
sumption is very low. During this period low oxygen 
content is far less disastrous than in spring, when the 
species is in its final instars and the growth rate is high. 
Especially pupae have a high oxygen demand. Probably 
this is the reason why they are often observed near the 
water surface, despite the higher chance of desiccation. 
The main life strategy of the species is to maintain a
high population density. This implies that the species is 
able to remain in a stream because in most cases part of 
the animals urvives trong discharge peaks or a period 
of drought. In this view, organic pollution has more im- 
pact han discharge dynamics, because scape is not pos- 
sible, only adults that live outside the stream are not vul- 
nerable. Therefore, low oxygen content can result in a 
high population decline, especially if this happens dur- 
ing a period when no adults are present. 
Many authors observed that he species only occurs in 
clean water streams on clean gravel beds. Siltation of the 
gravel beds seems to be disadvantageous for A. fuscipes. 
Why siltation causes the population to decline is less ob- 
vious. Probably, the algae composition of the biofilm on 
the gravel changes or less detritus becomes available. 
Low light availability on the stones could limit algal 
growth. The species consumes both detritus and algae, 
but it is not known if and for how long A. fuscipes can 
live on detritus only. The proportions, observed in speci- 
mens, depend on season, thus on availability. This 
means they can easily adapt heir nutrition to the condi- 
tions in a stream. But most likely, A. fuscipes always 
needs a small proportion of algae in its diet. 
Temperature is an important factor, because it deter- 
mines the course of the life cycle. Larval development is 
stimulated by higher water temperature. If summer 
water temperature is high emergence takes place early in 
the season. This could be advantageous if the water level 
is dropping during summer. But high water temperature 
can also be disadvantageous, e.g., the larvae will be in 
their final instar sooner and hibernate in one of the last 
instars. This means they have a higher oxygen demand, 
which makes them more vulnerable to low oxygen con- 
tent, which often goes together with higher temperature. 
Finally, the species is vulnerable because of its very 
low dispersion capacity. If it disappears from a certain 
stream it can take a long time before the species can re- 
colonise the stream. 
It can be concluded that Agapetusfuscipes is a species 
that has several adaptations to unstable conditions in 
streams. By maintaining a high population density the 
species can recover from stress periods. However, if the 
frequency of disturbance is too high the species can dis- 
appear from a stream. There are still many questions to 
be solved concerning the relation between the popula- 
tion density and discharge dynamics, although this is 
one of the most important threats to the species. Re- 
colonisation of streams can take a long time depending 
on the distance that has to be overcome. Absence of the 
species although the circumstances are suitable can be 
explained by the fact that probably the species has not 
been able to colonise the stream. 
To protect Agapetus fuscipes in the Netherlands, 
stream restoration should focus on the requirements of
this species during each of the different life stages and 
its specific vulnerability odifferent stressors. The main- 
tenance of a high A. fuscipes population density by pre- 
venting (incidental) pollution and extreme discharge 
events, such as long periods of drought and frequent 
spates, should be a key factor in restoration projects. A
more stable discharge pattern could be stimulated by re- 
moval of the drainage system in parts of the catchment 
of the stream to enable the natural infiltration process in- 
stead of a fast run off of rainwater towards the streams 
and by restoring the natural course and profile of the 
stream. Removal of sewage ffluent and overflows, and 
regulation of agricultural activities in the flood plains 
must avoid organic pollution. Dispersion of the species 
is a very important factor for the success of its distribu- 
tion. Because of degradation fmany streams the popu- 
lations are isolated in a few small areas fragmentarily 
distributed over the Netherlands. Recolonisation of re- 
stored streams could be a problem because of the low 
dispersion capacity and the distance that should be over- 
come. Reintroduction fA. fuscipes in these streams is 
therefore a reasonable option to fasten the recolonisation 
process. 
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